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Despite their fundamental role in host defense, many components of epithelial and endothelial tight junctions
serve as viral receptors. In this issue of Cell Host & Microbe, Antar et al. (2009) provide striking in vivo
evidence that the broadly expressed reovirus receptor JAM-A plays a specific role in reovirus dissemination.The polarized epithelium lining the gastro-
intestinal tract is adept at restricting the
movement of solutes, ions, andpathogens
across themucosa. This regulation can be
attributed to a tripartite junctional complex
formed between adjoining cells (com-
posed of the tight junction, adherens junc-
tion, and desmosomes). Polarized endo-
thelial monolayers, such as those lining
the microvasculature and those compris-
ing the blood-brain barrier (BBB), also
contain junctional complexes that function
to prevent the free passage of leukocytes,
toxins, and microbial pathogens from the
bloodstream into the underlying tissue.
Polarized epithelia and endothelia thus
serve as a primary barrier against the inva-
sion of foreign pathogens into the intersti-
tial space and are fundamental compo-
nents of host defense. Nonetheless,
many viruses target a polarized epithelial
and/or endothelial monolayer during host
invasion, indicating that many viral patho-
gens have developed highly efficient strat-
egies to subvert these barriers.
Tight junctions (TJs) are characteristi-
cally located at the apicolateral borders
of adjacent epithelial and endothelial cells.
The complexity of TJ organization and
structure is reflected in the long list of
protein components localizing either to
the lateral membrane of the junction or to
the cytoplasmic region. A major determi-
nant of TJ structure and function relates
to the composition of TJ-associated inte-
gral membrane proteins within the lateral
membrane. Fourmajor integralmembrane
proteins have been shown to be involved
in TJ function and promote the formation
of cell-cell contacts: (1) occludin, (2) the
claudin family, (3) junction-associated
molecule (JAM), and (4) the coxsackievi-
rus and adenovirus receptor (CAR).
Quite strikingly, particularly given their
localization to the lateral membrane, all
four transmembrane components of theTJ serve as viral receptors and/or entry
factors—occludin is required for cox-
sackievirus B internalization into polarized
epithelial cells (Coyne et al., 2007) and
participates in some aspect of hepatitis
C virus (HCV) infection (Liu et al., 2008);
the claudin family serve as coreceptors
for HCV (Evans et al., 2007); JAM serves
as a receptor for reovirus (Barton et al.,
2001), and both adenoviruses and cox-
sackievirus utilize CAR as a primary
receptor (Bergelsonetal., 1997).However,
despite the everexpanding list of viruses
that associate with junction-localized
receptors, very little is known regarding
the in vivo implications for this phenom-
enon, particularly with regard to infection
of the epithelium and endothelium.
In elegant new studies published in this
issue of Cell Host & Microbe, Antar et al.
(2009) have revealed that expression of
JAM-A is a critical determinant of reovirus
hematogenous (blood-borne) dissemina-
tion by mediating some aspect of infec-
tion of (or passage through) the endothe-
lium, but is dispensable for infection in
the intestinal epithelium. By utilizing both
wild-type (WT) and isogenic JAM-A/
mice, the authors provide exciting new
insights into the role of a junction-local-
ized receptor in mediating viral pathogen-
esis, particularly in polarized monolayers.
Using a sialic acid binding-deficient
reovirus strain (T3SA) so that binding
to host cell sialic acid would not be a vari-
able during infection, Antar et al. (2009)
show that while reovirus efficiently repli-
cated in the intestines of both WT and
JAM-A/mice, it was inefficient at infect-
ing secondary organ targets (such as the
CNS, heart, spleen, and liver) in JAM-A/
mice. Thus, although the primary site of
reovirus host entry is the intestine, it
does not require JAM-A expression for
infection. As intracranial injection of
T3SA into both WT and JAM-A/Cell Host & Microbmice yielded similar results on brain viral
titers and lethality, it would appear that
while JAM-A is negligible for infection of
the brain itself, it is critical for some aspect
of dissemination into the CNS.
Following infection of the intestine,
enteric viruses generally reach the CNS
via passage along peripheral neurons or
from the bloodstream. To address the
specific role of JAM-A in reovirus dissem-
ination into the CNS, the authors utilized
the inherent difference between reovirus
T1 and T3 strains. Previous studies have
established that T1 and T3 reoviruses
accomplish CNS entry through unique
means: whereas T3 spreads via direct
infection of neurons (Morrison et al., 1991;
Tyler et al., 1986; Weiner et al., 1980), T1
spreads through viremia and would
thereby be obligated to cross an endothe-
lial monolayer (likely the microvasculature
comprising the BBB) in order to access
the CNS (Tyler et al., 1986; Weiner et al.,
1980). These important differences be-
tween reovirus types T1 and T3 thus
allowed Antar et al. to utilize a powerful
tool to directly compare the involvement
of JAM-A in the spread of reovirus through
peripheral neurons versus that of hema-
togenous dissemination. Hindlimb injec-
tion of T3D reovirus yielded high viral titers
in the inferior spinal cords (ISC) and low
blood titers of both WT and JAM-A/
mice (both indicative of neural spread). In
contrast, although T1L reovirus yielded
high titers in the blood and ISC of WT
mice, JAM-A/ mice displayed signifi-
cantly reduced viral titers and delayed
kinetics. Taken together, these data
provide compelling evidence that JAM-A
plays a central role in the hematogenous
dissemination of reovirus, but plays little
role in intestinal infection or neural spread.
Why would JAM-A play a nonessential
role in reovirus infection of the intestinal
epithelium, but serve as a criticale 5, January 22, 2009 ª2009 Elsevier Inc. 3
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(A–C) The lining of the microvasculature is composed of a sheet of polarized endothelial cells that separate the bloodstream from the underlying tissue. JAM-A
maymediate the hematogenous dissemination of reovirus by a number of mechanisms that may include (A) the facilitation of leukocyte transmigration across the
endothelium, (B) the transcytosis and/or endocytosis of reovirus particles, and/or (C) the disassociation of JAM-JAMdimerization to allow for reovirus escape into
the bloodstream. These possible mechanisms may exist in parallel or in some combination.component in the endothelium? While
receptors are often perceived as mere
docking sites, growing evidence suggests
that the inherent cell biological properties
of a receptor (which may include the
ability to transduce intracellular signals,
mediate protein-protein interactions,
and/or participate in actin cytoskeletal
regulation) likely play a fundamental role
in mediating viral pathogenesis. Due to
its localization to intercellular junctions,
JAM-A may function in some aspect of
junctional regulation unique in the endo-4 Cell Host & Microbe 5, January 22, 2009 ªthelium. For example, JAM-A facilitates
leukocyte transmigration through the
vascular endothelium under both normal
and inflammatory states (Weber et al.,
2007). As little is known regarding the
mechanisms by which reoviruses estab-
lish viremia, it is conceivable that JAM-A
may allow for the traversal of reovirus-
infected leukocytes through the endothe-
lium and into the underlying tissue, thus
facilitating spread (Figure 1A).
Many pathogens exploit M cells as an
entry pathway through the intestinal2009 Elsevier Inc.epithelium. M cells are present intermit-
tently throughout the intestinal epithelium
and cover the lymphoid follicles of Peyer’s
patches. Although both M cells and enter-
ocytes contain junctional complexes, M
cells exhibit a high rate of transcytosis and
endocytosis from their apical surfaces
(which is largely absent from enterocytes)
as a mechanism to routinely sample the
presence of antigens along the mucosal
surface. Not surprisingly, numerous path-
ogens have evolved mechanisms to
exploit the high rate of transcytosis across
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epithelium. Evidence suggests that
reovirus may utilize this fundamental
property of M cells to facilitate its access
to mucosal lymphoid tissue to promote
hematogenous dissemination (Wolf et al.,
1981). Thus, reovirus likely exhibits selec-
tive adherence toM cells and not adjacent
enterocytes. Given the comparable levels
of reovirus infection in the intestines of
WT and JAM-A/ mice, another as-yet-
unidentified cellular componentmay influ-
ence this phenomenon.
Transcytosis is not restricted to M cells,
and receptor-mediated transcytosis of
macromolecules also takes place across
the endothelia of the microvasculature.
However, in contrast to transcytosis
across M cells, this process is generally
mediated by caveolins (integral mem-
brane proteins that provide the structural
basis for caveolae), pinpointing an
inherent difference between M cells and
the endothelium. Unlike the endothelium,
M cells and enterocytes contain few to
no caveolae on the apical membrane,
and transcytosis is instead mediated via
coated pits. It is thus plausible that JAM-A
may be required to facilitate reovirus
transcytosis (or some form of endocy-
tosis) through the endothelium due to
inherent properties in the molecule that
may selectively regulate or mediate the
formation, trafficking, or sequestering of
caveolae (Figure 1B).
It has been reported that adenovirus
may modulate junctional barrier proper-ties to induce its apical escape by inter-
fering with CAR dimerization, resulting in
the subsequent loss of cellular adher-
ence. It is conceivable that JAM-A may
facilitate a similar mechanism allowing
for reovirus escape into the bloodstream
following disruption of JAM adhesion
(Figure 1C). However, why would this
process only be required in the endothe-
lium? As described above, traversal of
reovirus across the intestinal epithelium
is thought to occur via transcytosis across
M cells. Although M cells do contain TJs,
reovirus trafficking and subsequent
delivery to the mucosal lymphoid tissue
likely occurs directly from the apical
surface (with little to no association with
the apicolateral junctions). Thus, apical
release would only be required in the
endothelium, where reovirus escape into
the bloodstream would be a necessary
component in dissemination.
Many viruses require infection of
a mucosal surface and/or an endothelial
cell monolayer as a key component in
entry and/or dissemination. It thus seems
counterintuitive that so many viruses
exploit junction-localized receptors that
are inaccessible from the luminal surface
due to their localization at apicolateral
cell borders. Given the diverse patholog-
ical complications associated with viral
infections, both in vitro and in vivo studies
of viruses that associate with junction-
localized receptors will provide important
insights into the basic cell biological prop-
erties of complex junctional cells and howCell Host & Micropathogens have evolved to subvert these
barriers.
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